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NACA ACR No, 1431
NATIONAL ADVISORY COMMITTER FOR AERONAUTICS

ADVANCE CONFIDENTLAL REPORT

PROFITE-DRAG COSFFICIZINTS OF CONVINTIOLAL AND LOW-DRAG
AIRTOILS AS O3TAINSD IN FLIGHT
By John A, Zalovellk

SUMEALY

The resulta of flight fuvestigations of the n»nroflls
dreg of several carefully finished conventional and low=
drag airfoils are prasonted. Tha results lndicatod that
in 21l ceses lowsr prolile-drag coeffleients wers
‘obtained with the low-drag than with the coaventionel
airfoils over the raungs of lift coefficient tested and
that, f'or comparadle concitlons of 117t cosfliclant and
Reynolds number, the low-drar alirfolls nay have nrofile- .
drag coefficicnta which ars at lsest 27 rerzent lower
than the proflle-drag coefficlenta of the conventional
airfolls,

INTRODUCTION

A number of flight investigations have heen
conducted by the National Advisory GCommittee ior
Asronautics durlng the rust several ysars to determine
the profille drag of var!ous conventloanl and low=3rag
alrfoils, The purposs of this report is to presant
the principul reaunlts of these investigations in order
to vrovide lInfcrmation that may be of assistance in
Judging the relative merits of conventional und low=-
drag airfolls,

AIRFOILS TESTED

The various airfolls tested were the NACA 27-212,
NACA 35-21%5, KACA 66,2-2(1L.7), NACA 6l,2-(1.4)(13.5),
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wacA 21,5, N-22, and two Renublic $-3 sectlona, one

11 vercant thick an® the other 13 nercent ilhick. Thcsae
two sectluns are desigiated Republle S-3,)1 aud Repub-
lic S—?,li in tris perter, Flighkt tests of the

EACA €1,2-(1.113(13.5) and the MacA 2L3) .5 airrclls are
renorted in references 1 e&nd 2, raapectively., 7The pro-
files o® ths afvioils tasied are shevn in fizare 1.

" The MACA 2%-212 sud EpCA 35-219 aiv.ell secrnions were
bullt into pauels around thks 'vings o” the wicplanas op
which thoy were tested. The others wersa cections of

the sctual wiaze of the test awlrrlancs, The arrangement
of tre test runels and the soanwiss vesitions of the
wing sectlors testad ers arown in plan form in figure 2,
Tha airfsil dasigaaticn Nalh by, -(L.J031(13.5), wrich ia
the test sectlon of the NAlUA~Tapn (Worth averican Avia-
tion, Ins.) cowrromize lov-dray wlav, vaas Lesed on the
maximum thickassgs and ¢a the prassore-distribution
charactertistica commuated “recm the meacurad ordinatas

of the test sentlioa. Ths designation NACA 66,2-2(1L.7)
was aimilarly deteraired,

The J.CA 21,5, EReoublic 8-3,1i, Republiz S£-3,13,
snd N-22 sccilona naw ke cisesiled as coaventlional
sairfoils and the KaCa 64,2-(1,4)(13.%), NACA 27-212,
NACA 55-21Y4, end NAGA 66,2-Z2(Ly.7) scctions, as lcw-
Arag airfoils.

All the alrrfolls tested ware carelullw smoothed
and falrad to eliminate narceptible orotuverances due
to rivets, skin loints, and acceas doors. Surface
waviners, however, wan prevent no vanlcus Gegrecos on
tl.e d*:ferent alriclls., Surface waviness vas <weasvred
bv usa of a curvatire gage of t.e tyie shown in “ig-
ure 3 on the urwer aurrucds of the NaCA 35-2195 and
Republic S-3,13 alrfniis and on ths usper andé lower
surfaces o7 the NACA Al,2-(1.4)(13.5), Kaca €6,2-2(14.7),
and Republle S-3,11 airfolls, Mo waviness rieasurements
were obtalnsd for the otber airfolls,

’ The curvature-gage weasursmnnts on the NASA 35-215,
NACA Gh,2-(1.1)(13.5), FACA 66,2-2(14.7), Republlc s-3,11,
and Republic S-3,13% alrfolls were wacdo with the legs

of the gage sracad 1.2, 3.5, L.C, 4.0, and 3.0 percent

of the sectlen chord, respectively. In order to

presant these msusurements on a comparable vasls, the
measurements on the NACA 35-215, W.CA &l,2-(1.4)(13.5),
and Republic S-3,13 airfcolls ware reduced to values 4
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that a gage would give I1f the lege were anaced 4.0 per-
. cent of the section chord e¢. This reduction was made
to the first order of approximation on the assumption
that the reasdings of a curvature gage were proportional
to the aquare of the leg spacing. The reduced messure~
ments together with the measurements on the
NAGA 66,2-2(1l;.7) and Republic S~3,11 sections are
presentod in figure li as plots of d4/c agalnst sa/c,
where s 18 the distance along the surface from the
leading edge. The dashad linea in figure L indicate
the approximate curvature-gage readings that would be
obtained if the surfaces were free of waviness.

It should be pointad out thiat wing distortion
it £1ight may introduce waviness considsrably different
from that measured, This effect is probably adverse
and may be expected to vary considsrably with wing
conatruction.

Tho destablllzing effect on the laminar boundary
layer due to waviness of a given magnitude increases
as the chordwise velocity gradient becomes less favorable
(or more adverse). The chordwise velocity Qiatribution
for the various airfoils at a section 1lift coeffi-
cient ¢; of 0,20 hawe therefore besn included in

figure l;. The woloeity distributions were calculated
for the undlstorted sirfoll profiles by ths mecthod of
reference 3., The velocity dlstributions are given as a
plot of the ratlo U/U, against s/c, where U 1is

the local velocity outaide the boundary layer and

U, 1is the free-stream velocity.

PROYILE DRAG

The profile-drag coeffiolents were evaluated from
wake surveys ¢f the various airfoils by the method of
reference h and compresslbility corrections were applied
a3 in reference 5. In figure S the section profile-
drag coefficlents °q, and the corresponding Reynolds

numbers R are plotted against section 1ift coeffi-
cient ¢3. The Mach numbers of the tests were less
than O.Sg.

From figure 5 it may bYs seon that all the low-drag
airfoils gave lower profile-drag cosfficionts than the
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conventional atrfolls over the range of 1lift coefflclent
tested. The lowest nroflle-drag coefficlent, 2 value

of 0,000, was measurod on the NACA 27-212 s2ction at

8 1irt coefficlent of 0.28 end a Heynolds number

of T.p x 106, The Nic2 27-212 airfoil, %vowevar, 1s not
consicered & particularly desirarle airfoll because, as
indicated by wind-tunnel tests, low dreg 1ls chbtained
only ovar a relativsly small range of 1ift cosfilclent
and the onressure gradient ut thc tralling ecze 1s
wnnecessarily severe, A} Reynolds numbers in the range
from 15 x 10° to 20 x 109, now comuonly ancountored by
fiznter-tyre aircraft, rrofile-srug coefflicisnts

of 0.00h5 and 9,C052 wer: reasured cn the NACA 66,2-2(14.7)
and NWACA 6l ,2-(1.L)(13.5) utrfoils, respegtivelwy. At
Reynonlds nurmbers from 22 x 1C° to 31 x 109 a »nrofile-
drag coefficient ¢f 0.C049 vas ottailncu on the

NACA 35-21% alrlecll,

The lowest nroflile-drag cocflicient ohtainad on
the conveantional winz sccticns wes 0.0062 and was
measnred on *ha Repuwhllie 3-%,11, T lowest profile-
drag ccerficienta cdtalned «n ‘the cthexr conventional
sections were 0.0CE7 for the fenmublic 8-3,1% and 0.0066
for the NACA 241L.5. All these vsluns were obtatned at
low 13ft cocfficlents in twe range ol Reynolds numbar
from 15 x 105 to 20 x 105, On the ¥-22 sention only
one valte of profile-drag coefficlant, C,007C, was
obtained, which was at the relatively bilgh lift coeffi~
clent of 0,50 and the low Rernolus nwnber of ip.i x 100,

The reosvlts for the YaCA 65,2-2(1L.7) urd Repub-
lic 8~3,11 sections were obtalaed for ths 7o0st nearly
cemparable test condlticns - that 1as, 1irt coefficlent,
Reynolds number, and wing-surfanre preparation - and are
therefore best sultad tor the comparison of the nroflle~
drag characteristics of low-drag und convantlcnal air-
folla., At a 1ift coefflclent orf 0.20 and a Feynolds
number of 16 x 106 the proflle-drag cocfficlents for
the NACA 66,2-2(14.7) and Repudblic 8-3,11 asections ware
0.0045 and 0.0062, respectively. The yrcfile-drag coaf=
flelent of the WACA 66,2-2(1l..7) secticn 1s thus 0.0017,
or 27 percant, lower than the profile-drag coefficient
of tha Nepublic $-5,11 sectlon.

Unpublisred tests 'n the NACA two-dimensional low-
trrbulence pressure tunnel of a s2ction upororimating
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the NACA 66,2-2(14.7) indicated a profila-drag cosffi-
cient of 0,003l at a 1ift goefficient cf 0.20 and a
Reyunlda number of 16 x 1006, 3imilar tests (unpublished)
of HACA 2%ZU-series airfoils indicated a profile-drag
ccafiiciant of 0.025% for en NACA 24011 soction at a
1ift coefiiciznt of 0.20 and a lLeynoids nmumber

of 9 x 10Y, Tne Renublic 2-3 sections have nressure-
distribution characteristics that ars very nearly those
of the NACA 230-reries sscticas ard may therefore be
expactad te have the same drag characteristics, Inas-
much as the sarfacas of the NACA 66,2-2(14.7) alrfoll
tested in flizht were cuarsfully finlsied tc give a very
low degree of waviness (figs. L(g) and (h)), protably
comparable with that of the twanel model, thz con-
siderably greater drag maasnrsd in flight as compared
with the value obtaircd in the tywnael 1s believed to be
due to an Increase in surface waviness asscclated with
wing distortion under eir lcads. The beitter agreement
betwnsn the flight and tanel resulis for tre conven-
tioncl sections may irdizate tact tne position of
transition is an far forwvard on theso sacticns that it
1s not materially affceted ty an innrease in sarfaca
waviness resvlit’‘ng from loacds imrosed on tte wing in
flizht.

CONCLUDING RIMARKS

- The results of profile-drag teats of various
smootlied airfolls indicated that in all cases lower
profile-drag coefficicnts wers obtained on low-drag
alrfoils than on coanvcntional alrfoils over th: range
of 1ift coefficient testad. The results also indicated
that, for comparable ccaditions cof 1lift coefficlent and
Reynolds number, the lcw~-drug airtfolls muxr have vrofile~
drag coefficients which ara at lesat 27 vercent lower
than the profile-drag coefficlents for the conventional
alirfoils,

Langloy Memorial Aaronautlcal Laboratory
National Advisory Colttes for Aeronautics
Longley Fleld, Va. . !
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Figure 1.- Profiles of varioua airfoil uéct.ions t.eut.ed“
in frlight.
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Flgure 4.- Surface waviness and velocity distribution
lat c; = 0.20) over various airfoils. (Dashed lines
indicate approx. gage readings for surfaces free of
waves.,.)
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Flgure 5.~ Comparison of profile-drag coefficients ob-
talned in flight on various conventional and low-drag

Reynolds number for corresponding 1lift

coefficilents given above.
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